ABSTRACT: This study determined the correlation between serum cortisol levels and rabies antibody titers in cattle primo-vaccinated against rabies and supplemented with dietary selenium (Se). Sixty Nelore male calves (10 to 12 months old) received daily and individual dietary supplementation with 0, 3.6, 5.4 and 6.4 mg Se (groups Gc, G 3.6 , G 5.4 and G 6.4 , respectively). The animals were vaccinated against rabies (day 0) and subjected to handling stress in the corral for 120 days. Blood sampling procedures were performed on days 0, 15, 30, 60, 90 and 120. Cortisol levels increased until day 90, but had dropped significantly by day 120 (P < 0.01). Rabies antibody titers on days 30 and 90 were similar among Sesupplemented groups; in the control group, rabies antibodies decreased significantly from day 30 to 60, and 90 to 120. Serum cortisol levels and antibody titers were not correlated in most of the groups or blood sampling days. A positive correlation among these variables was found only in G 6.4 on days 60 (R = 0.513; P = 0.05) and 120 (R = 0.644; P = 0.009). In conclusion, repeated handling in the corral stresses cattle, but without compromising rabies humoral immune response.
INTRODUCTION
Rabies infection, provoked by a virus (genus Lyssavirus, family Rhabdoviridae) and transmitted primarily by Desmodus rotundus bats, results in untreatable and fatal encephalitis in mammals (1) (2) (3) .
The large-scale and regular vaccination of cattle is an efficient low-cost method that prevents and controls rabies infection, minimizing economic losses (1, 4, 5) .
However, inappropriate stimulation is employed during cattle vaccination, such as driving animals from pasture to corral, physical exercises forced during handling in the corral, exposure of animals to the corral environment, the presence and shouts of the stockman as well as pain from vaccine application (6) (7) (8) (9) (10) (11) .
Stressors activate the hypothalamus-pituitary-adrenal (HPA) axis that stimulates the adrenal glands to release hormones including cortisol, epinephrine and noradrenalin (12, 13) . High levels of blood cortisol provoke immunosuppression, rendering the cattle more susceptible to infectious diseases (12, 14) . Moreover, vaccinated animals may be vulnerable to infectious diseases if minimum antibody protection levels are not reached.
In addition, the lack of nutrients, such as selenium (Se), account for cattle susceptibility to these infections. Selenium deficiency is associated with low resistance, i.e., decreased antibody production and lymphocyte proliferation (15, 16) .
Selenium is scarce globally, although it is essential to many organic functions, based on its antioxidant properties and its incorporation in selenoproteins such as glutathione peroxidases (GSH-Px) that protect cell membranes against free radical damage and eliminate peroxides from blood and extracellular space (15, 16) . The present study investigated the effect of Se-supplemented diets on anti-rabies humoral response of Nelore (Zebu) cattle under handling stress. This was achieved by correlating serum cortisol levels and rabies antibody titers. (17, 18) . Reis 
On day 0, forage samples from all paddocks were collected and stored at -5°C.
Selenium concentration was determined from these samples through graphite furnace atomic absorption spectrophotometry.
Serum cortisol concentrations were compared among groups (Gc, G 3.6 , G 5.4 and G 6.4 ) and days of observation (T 0 , T 15 , T 30 , T 60 , T 90 and T 120 ) by repeated measure analysis of variance followed by the least significant difference (LSD) test to compare significant differences (19) . An alpha error of 0.05 was set for all tests.
Data on rabies antibody titers contradicted normal predictions (Kolmogorov-Smirnov test) and were, therefore, analyzed using Friedman non-parametric test that examined these titers temporally within each group (19) . An alpha error of 0.05 was established for the tests.
Serum cortisol levels and rabies antibody titers were correlated using Spearman's non-parametric correlation (R) (19) . Sixteen correlations were tested for the different groups and blood sampling days. An alpha error of 0.05 was set for all the tests.
Serum cortisol concentrations were not affected by selenium supplementation (F (3, 65) = 0.35; P = 0.79; data pooled for each day of observation) nor by any interactions between selenium concentration and time (F (15,280) = 1.41; P = 0.14). Concerning the overall temporal effect, serum cortisol levels increased gradually in all groups throughout the study (ANOVA; F (5,280) = 32.65; P = 0.01). Cortisol levels had peaked by day 90 and had decreased by day 120 (Figure 1 ). Rabies antibody titers were constant from day 30 to 90 in groups G 3.6 , G 5.4 and G 6.4 , but decreased in Gc (P < 0.05) from day 30 to day 60 onward (Figure 2 ). Only two positive correlations between serum cortisol levels and rabies antibody titers were detected, on days 60 and 120, in group G 6.4 . No other correlation was found among the groups or on blood sampling days ( Table 1 ). The selenium concentration in paddock forage was 0.04 mg Se/kg. Stressed cattle present supernormal serum cortisol levels (12, 13, 22, 24, 25) .
Therefore, cortisol elevation throughout the experiment indicates that from day 30 onward, animals entered a stress state due to handling conditions, regardless of treatment. In fact, after a stress peak on day 90, cortisol levels had dropped by day 120 and baseline values (3.68 µg/dL) were reestablished (Figure 1 ), suggesting that cattle may have adjusted to handling stress (10, 22, 26, 27) .
Despite cortisol increase, handling stress did not compromise rabies humoral immune response (Figure 2 ). This finding corroborates other studies in which humoral immune response of cattle against the leucotoxin Mannheimia haemolytica was not affected by transportation stress while the reaction against the tetanous toxoid was not altered by vaccination stress (14, 28) . In contrast, social isolation compromises the response of 12-week old calves to experimental infection with bovine herpesvirus 1 (29) . Besides animal age, the nature of stress agents may account for these divergent data, i.e., calves are more vulnerable to social stress than to handling stress. This is an important finding, since handling stress is very common during the regular vaccination required for rabies control.
By the end of the study, rabies antibody titers had decreased in most of the groups (Figure 2 ), as expected for primo-vaccinated cattle (30) (31) (32) (33) (34) . In contrast, these antibody titers were sustained in group G 3.6 that received selenium supplementation close to 3 mg/day, the dose recommended by the NRC for taurine breeds (23) .
Therefore, this supplementation concentration is appropriate for both taurine and Zebu breeds.
Both cortisol levels and antibody titers decreased during the studied period, but in general these variables were not correlated to each other. This fact supports the finding that stress does not influence rabies humoral immune response in cattle. Only group G 6.4 presented a positive correlation between these variables on days 60 and 120 (Table 1) . In this group, handling stress was possibly related to augmented immune response, although this was not maintained until day 120, when rabies antibody titers of G 6.4 dropped under the minimum protective levels ( Figure 2 ).
Further investigation is required to determine the physiological mechanisms that mediate the relationship between cortisol levels and antibody titers. However, selenium supplementation at 6.4 mg/day may be excessive and likely to compromise rabies humoral response.
In conclusion, repeated handling in the corral stresses cattle, but does not diminish the antibody titer after rabies vaccination.
